BIOLOGICAL AND INFECTIOUS HAZARDS
The National Environmental Education and Training Foundation (NEETF) (1998) defines biological and infectious hazards as agents such as bacteria, viruses, fungi, or parasites that may be transmitted via contact with infected individuals or contaminated body fluids. Hazard sources include contaminated drinking water, improper sewage or waste disposal, or air that is filtered through dirty heating and cooling systems. Biological and infectious hazards found in aircraft cabins include aeroallergens, infectious agents, biological toxins, and biological irritants.
The National Research Council (NRC) (2002) identifies the main biological contaminants of the aircraft cabin air as allergens and infectious agents. There are few studies documenting allergic response to aeroallergens in aircraft. but the most common researched cabin allergens are cat allergens, dust mite allergens, and peanuts.
A passenger experiencing an allergic response that could progress to life-threatening anaphylactic shock has limited access to medical intervention on an airline. Peanut allergens have been the focus of studies related to hypersensitivity responses on aircraft. Sicherer, Furlong, DeSimone, and Sampson (1999) found that airline passengers rarely notify aircraft personnel of allergic reactions to peanuts although the reactions can be severe enough to require medication. This study characterized the potential routes of accidental exposure as ingestion. inhalation. or skin absorption.
There is a higher risk of infectious disease transmission for the international traveler because the passenger is confined in close quarters for long periods. The risk has multiplied with increased travel to tropical sites, which represent a serious risk of infectious disease. Remaining parked at the gate with the aircraft ventilation system switched off exacerbates the problem for the passengers. Planes designed after 1980 recycle up to 50% of cabin air and pre-1980 planes have been retooled. This recycled air passes through High Efficiency Particulate Air (HEPA) filters that remove airborne pathogens.
Several studies in this review focused on cabin air and disease transmission. Brown et al. (2001) described the 2000 Air Travel and Health study conducted by United Kingdom Science and Technology Sub-Committee that resulted in a staged program of research into these issues. The key areas of concern for aircraft passenger and crew health were deep vein thrombosis (DVT), aircraft cabin air quality, pesticide exposure, humidity, infectious disease transmission, cosmic radiation exposure, and jet lag.
The major studies on infectious disease transmission focused on tuberculosis, meningitis, influenza, and the common cold. The Centers for Disease Control and Prevention (CDC) (2003d) conducted epidemiological investigations and found that tuberculosis (TB) was transmitted to four passengers during a 9-hour flight. The findings suggested that TB transmission was greater on long flights and the risk increased the closer the passenger was to the infected person. The CDC (1995) also noted that commercial aircraft TB transmission risk was no greater than that of any other confined space or mode of transportation, given the same exposure duration.
The World Health Organization (WHO) (2oo2a) agreed with the CDC that, although unlikely, there was a risk of exposure based on proximity to the disease source. In the document, Tuberculosis and Air Travel, WHO (1998) summarized seven investigations and found that M. tuberculosis transmission was possible during a flight of at least 8 hours.
N. meningitides is another pathogen that may be spread via aircraft air. The CDC defines a case of air-travel-associated meningococcal disease as "a patient who meets the case definition of meningococcal disease, within 14 days of travel on a flight of at least 8 hours duration" (CDC, 2001, p. 485; 2oo3a) . While only 12 cases per year were confirmed and more data need to be studied, the CDC acknowledged that recommendations are needed. WHO (2002a) focused on populations of greater meningitis risk, such as the Haj pilgrimage in Saudi Arabia.
There is also a risk of transmission of other respiratory diseases. According to WHO (2oo2a) , the risk of influenza transmission increases the closer the passenger is to the infected person. In a study on the common cold, Zitter, Mazonson, Miller, Holley, and Balms (2002) found that the prevalence of upper respiratory tract infections did not increase with the recirculation of aircraft cabin air. They acknowledged that the study population was limited to passengers flying from three U.S. airports and recommended further investigation.
Biological toxins are poisonous substances produced by a living organism such as a plant, animal, fungi, or bacteria that adversely affects other organisms. Endotoxins are biological toxins that are a part of the bacterial FEBRUARY 2005, VOL. 53, NO.2 structure and become toxic when the bacteria are destroyed. Endotoxins can cause respiratory inflammation when they occur in water or dust. The National Institute for Occupational Safety and Health (NIOSH) anticipates that its ongoing study conducted by Waters, Bloom, and Grajewski (2001) on aircraft cabin endotoxins will yield significant data.
A biological irritant is a substance derived from living organisms and their products that causes an irritating, reversible effect on the skin, eyes, and mucous membranes. Examples are microbial volatile organic compounds (MVOC), which cause unpleasant or annoying odors. The NRC (2002) described carbon dioxide and body effluents as biological irritants that may give the perception that there is insufficient fresh air and preexisting respiratory symptoms are being aggravated. DiNardi (2003) defines a chemical hazard as the "exposure to any chemical, which in acute concentrations, has a toxic effect" (p. 1255). Aircraft chemical hazards can be external or internal and are affected by ground conditions and different altitudes.
CHEMICAL HAZARDS
External contaminants of the ambient air when the aircraft is on the ground consist of urban air pollution and local airport sources. The aircraft encounters air pollution in varying degrees with ascent and descent. The concentration of the contaminant multiplied by the duration of the exposure defines the actual dose of the contaminant. The Environmental Protection Agency (EPA) (2oo3c) collects and publishes state-specific aggregate statistics on urban pollution. To identify local airport sources, the FAA (2002) Office of Environment and Energy developed the Emissions and Dispersion Modeling System (EDMS), a simulation tool based on Windows" (Microsoft, Redmond, WA) that helps assess the effect of aviation sources on local air quality. This system is used to inventory emissions of aircraft and other airport sources and develop model air dispersion systems.
According to the Airliner Cabin Environment Report Response Team (ACERRT) (2002), the current minimum levels of carbon monoxide (CO) arid carbon dioxide (C0 2) are good indicators of overall air quality. The EPA (1999) identified the five major air pollutants emitted from commercial jet aircraft as volatile organic compounds (VOC), carbon monoxide (CO), oxides of nitrogen (NOx), particulates (PM), and sulfur dioxide (S02)' EPA (2oo3a) conducted studies of 10 commercial airports and found a potential for commercial aircraft emissions to increase air pollution. Although aircraft cabin air has been contaminated through the Environmental Control System (ECS), the NRC (2002) found no data that identified specific contaminants. Wechsler and Shields (1997) found that the main contaminant in higher altitudes is ozone (OJ)' which causes direct human health effects and indirectly produces irritating contaminants when combined with chemicals in the aircraft. Health effects of ozone exposure include airway irritation and reduced lung function. Overexposure to ozone can affect airway linings, causing respiratory symptoms or a decrease in the protective characteristics of the airway lining.
The NRC (2002) review of recent National Academy of Science studies found that there is no evidence that the ozone concentration standard is regularly being met. The accuracy of previous studies is suspect because of the methods used, small samples, and equipment quality. Realtime, regularly scheduled ozone aircraft cabin monitoring must be an integral part of any research.
Internal (within the aircraft itself) chemical hazard sources are similar to those of a building environment and can be reflective of "sick building syndrome" (SBS) or "building related illness" (BRI) (EPA, 1991) . Internal aircraft chemical hazards can be categorized in relation to the passengers themselves, aircraft component materials, cleaning agents, and disinsection (elimination of insects) pesticides.
The NRC (2002) identified passengers as the primary source of cabin carbon dioxide, the marker for ventilation adequacy. Dumyahn, Spengler, Burge, and Mullenburg (2000) identified passenger sources of VOC as bioeffluents, the use of cosmetics, and the consumption of distilled spirits.
According to the NRC (2002), aircraft component materials consist of lightweight plastics, which are a source of plasticizers, anticorrosive or antimicrobial coatings, and VOC from foaming agents or plastic resins. Although concentrations may be within normal limits, Comeuo-Munoz (2001) noted that mixtures can affect airquality perception and irritate the senses. Fang, Clausen, and Fanger (1998) conducted a series of sensory perception tests in which participants evaluated the quality of various air samples at different temperatures and humidity. They found that increased temperature and humidity were associated with deterioration in perceived air quality.
There arc few published data available on the hazards of cleaning agents and dust specific to aircraft. Asthma and pulmonary function changes in the workplace have been associated with workplace exposures to cleaning compounds. Some building air quality studies are being applied to cleaning agents and dust. Kildeso and Schneider (200 I) found through preliminary observations that the dust within buildings can adversely affect the airways, skin, and eyes of occupants.
Disinsection is an interesting chemical hazard because of its associated geopolitical issues. The CDC (2003b) described this practice as spraying insect killer in the interior of an aircraft passenger compartment with passengers on board. The United States officially ended this practice in 1979 when the CDC published the final rule to drop the routine spraying requirements for aircraft arriving in the United States. The EPA (1996) issued regulations related to pesticide products used to disinsect aircraft. WHO (2002a) authorized disinsection as a public health measure in WHO 1969 International Health Regulations to prevent the introduction of vector-borne infection into the aircraft. WHO recommended that aircraft disinsection methods be "blocks away, pre-flight, top-ofdescent spraying, on-arrival, and residual spraying" 74 (Gratz, Steffen, & Cocksedge, 2000, p. 997) . BJocksaway disinsection refers to insecticide applied as the brake blocks are removed from the airplane wheels in anticipation of leaving the gate. Pre-flight disinsection is a regular application of residual insecticide to all surfaces except in the food preparation area, and top-of-descent spraying refers to an in-flight treatment shortly before landing. On-arrival spraying is performed at the gate with the passengers remaining seated for 5 minutes and the aircraft door open.
The pesticide sprays are composed of a propellant, a solvent, and the active ingredient, which is a residual or non-residual pesticide. The most common active ingredient belongs to a class of pesticides called pyrethroids. Permethrin is a residual pesticide because it kills insects that enter the cabin between spraying and departure. It also has a repellant effect, which discourages insects from entering the cabin. D-phenothrin is a non-residual pesticide because it only kills insects present in the cabin at the time of the spraying.
Although the literature is not specific about aircraft exposures to pesticides, it is reasonable to assume that if pesticide spraying were performed while passengers and crew were on board, they may have inhalation and dermal exposures. WHO (2oo2a) indicated there is no evidence of a causal relationship between disinsection pesticide exposure and the development of symptoms as long as application is made according to label directions. This, however, assumes that the person performing the pesticide application can read, understands the directions, and has the proper equipment.
ENVIROMECHANICAL HAZARDS
The NEETF (1998) defined enviromechanical hazards as "the factors encountered in the work environment that cause or potentiate accidents, injuries, strain, or discomfort" (p. 40). Edwards (1990) suggested that the aircraft cabin is a system and may be viewed using a systematic framework such as the software, hardware, environment, and liveware (SHEL) model. The environment is made up of three parts. The software component consists of the procedures linked 'with the operation and management of the cabin. Hardware is an actual item, such as a seat or emergency equipment. Liveware includes the passengers and crew. The components are highly interactive, and changing one component affects the other two. An example of this enviromechanical model is the passenger (liveware) with a history of DVT who requires a change in the rule of staying seated (software), and finally requires a seat (hardware) change to business class.
The Occupational Safety and Health Administration (OSHA) (2000) characterizes a musculoskeletal disorder (MSD) as a "disturbance in the normal functioning of muscles, nerves, tendons, ligaments, joints, cartilage, blood vessels or spinal discs" (p. 14). Enviromechanical hazards, such as the risk factors of force, awkward postures, vibration, repetition, and contact stress, may cause MSDs at work.
The frequent flyer business traveler is an ideal candidate for MSDs caused by enviromechanical hazards because of the nature of the travel. Johns Hopkins University (2003) noted that incorrect lifting of heavy, unwieldy luggage combined with long-term cramped seating causes or aggravates MSDs. Awkward postures associated with handling heavy luggage are especially problematic for the frequent flyer business traveler. However, many business travelers attempt to carry on all luggage to prevent lost suitcases and avoid the protracted baggage claim area. Quantity, size, and weight restrictions average up to 50 pounds per bag depending on the carrier, but airlines routinely waive these requirements for the frequent flyer business traveler.
. The repetitive lifts of luggage through secunty checkpoints, extended standing, and hurrying long distances to the gate accentuate the time that the traveler has to carry this heavy load. In addition, the traveler must navigate narrow aisles and lift. twist. and raise the heavy baggage into the overhead compartment. ,? SHA (2003b) determined that the postures of professional baggage handlers were so awkward that they created an eTool (i.e.• a web-based product that provides guidance for developing a comprehensive safety and health program) called Baggage Handler Ergonomics to promote saf~lifting. Additionally, MSDs are exacerbated~y fatl?~e, stress. inadequate hotel beds. and mandatory immobility for non-stop flight periods of up to IS hours.
Air travel exposes the worker to non-specific vibration from the exterior atmosphere and interior noise from the operation of the aircraft engines. According to Pieren (1997) . aircraft vibration sources are mechanical and aerodynamic, with whole body vibration causing disease processes related to neuromuscular changes. Bongers, Hulshof, Dijkstra, Boshuizen, Groenhout, and Valken (1990) studied exposure to whole body vibration using a variety of vehicles including helicopters. They found the daily average hours of helico~ter flight~elates to temporary back pain whereas chrome back pam relates to total flight hours, with its cumulative vibration dose.
There are few applicable data on the ergonomic stressors of repetition and contact stress as movement is limited during flight. There may be repetition issues from use of. laptop computers, but these are not necessarily related to air travel. NIOSH (2003b) defined trauma as an injury or wound to a living body caused by the application of external force or violence. Acute trauma can occur with the sudden. one-time application of force or violencethat causes immediate damage to a living body (pp. \·2).
Examples of traumatic injuries on an aircraft are those that result from falling overhead baggage or turbulence-related slips. trips, or falls. Overhead compartment baggage can shift during take-off, landing, or turbulence. Rozmaryn (1998) emphasized that the designers of overhead baggage compartments base their plans on a certain capacity, and overloading may cause the latches to fail even if secured according to specifications.
Turbulence is instability in the atmosphere and can occur unexpectedly. The FAA (FAA, Office of Environ- Another part of the work environment that can cause injuries. strain, or discomfort is the passenger seat itself. Two standard industry terms describe the seat pitch and width. Pitch is seat-to-seat spacing. measuring from one row to the next at the same position on two seats. one behind the other. Width is the distance between the two armrests. In an airline passenger seat, pitch and width are 32 inches and 17 inches, respectively. For comparison purposes, an Amtrak long distance train passenger seat has a pitch and width of 51 inches and 23 inches (Consumers Union, 2003) .
Medlineplus (2003) defined DVT as the formation of a blood clot (thrombus) in veins located deep within the muscles of the extremities, leading to partial or complete circulation blockage. This clot may break off (ernbolize), travel through the blood stream, and lodge in the brain, lungs, or heart, causing severe damage to that organ.
According to Ball (2003) , there is a greater probabil- (2002) found that the only research data on pre-existing risk factors for DVT relate to dehydration and relative hypoxia. Symington and Stack (1977) used the term economyclass syndrome. Unfortunately. this promoted the interpretation that DVT did not occur in business or first class air travelers or in travelers using other forms of long-distance transportation. DVT is not a disease related to those who can only afford cheaper modes of transportation. Bagshaw (2001) coined the more appropriate term-traveler's thrombosis.
Because there are numerous studies of DVT. this article highlights only key research. According to WHO (2002a) , circulatory stasis is a predisposing factor for the development of DVT. WHO (2002b) Research into Global Hazards of Travel (WRIGHT) is a project investigating air travel and DVT. The project was initiated to coordinate the many studies on this subject and to increase the quality of the reporting. It is anticipated that by promoting quality control, the WRIGHT project can answer key questions. such as the extent of the association of DVT with air travel, the causal mechanisms involved. and potential preventive strategies.
According to the American Heart Association (2002), the LON FLIT series is one of the largest and most important studies of DVT related to long flights. In the LONFLIT I study, Belcaro, Geroulakos, Nicolaides, Myers, and Winford (2001) found that the incidence of DVT was 4% to 6% in flights of more than 10 hours. In subsequent LON FLIT studies, the same data were applied to different populations (i.e., those wearing elastic stockings, those taking aspirin or heparin).
Dimberg, Mundt, Sulsky, and Liese (2001) found no association between DVT and corporate air travel. Although they studied almost 5,000 international business travelers using insurance claims data, the rarity of DVT yields very small numbers and indicates the need for more research. NEETF (1998) defined physical hazards as agents within the work environment that can cause tissue trauma. This section will address the physical hazards of cabin air pressure, relative humidity, temperature, radiation, and noise. The NRC (2002) said the aircraft environmental control system (ECS) is unique from most other systems, such as building maintenance and ground transportation vehicles, because it must operate in extremes of temperature, ambient air quality, and air pressures.
PHYSICAL HAZARDS

Cabin Air Pressure
The primary purpose of the pressurization of air cabins is to maintain the partial pressure of oxygen (P0 2 ) . The NRC (2002) defined the partial pressure of oxygen as the pressure exerted by the oxygen in the air if oxygen were the only chemical component of air. The FAA (2003b) mandated that under normal operating conditions, pressurized cabins must provide a cabin pressure not to exceed the pressure found at an altitude of 8,000 feet. Even at this altitude, the air contained within the ears, sinuses, and gastrointestinal tract may expand by 25%. According to Bentz and Hughes (2002) , barotrauma refers to the injury that occurs when the pressure of an aircontaining space does not equalize with the pressure of the surrounding environment. The most common barotrauma site for the air traveler is the middle ear. Dawson (2001) reported that an upper respiratory tract infection could exacerbate the injury because it could cause additional swelling. During descent, cabin air pressure starts to increase and exceeds the pressure within the middle ear. If the middle ear pressure does not equalize, eventually the eardrum will perforate and even a minor perforated eardrum can predispose the middle ear to infection.
Csortan, Jones, Haan, and Brown (1994) suggested that use of an oral decongestant before flying decreases the incidence of middle ear barotrauma associated with ambient pressure changes during air travel. Jones, Sheffield, While, and Bloom (1998) refined the study and found that 120 milligrams of pseudoephedrine, which is the prescription dose, seemed to reduce the incidence of barotrauma when taken at least 30 minutes before flying.
The situation can be more severe for the airline traveler who scuba or deep-sea dives and then flies within 12 to 24 hours. Decompression sickness (generalized barotrauma) can affect the entire body leading to pain and permanent neurological problems. Recognition is critical so treatment in a hyperbaric chamber with 100% oxygen can be initiated immediately. Vann, Denoble, Emmerman, and Corson (1993) studied the relationship between flying after diving and decompression sickness at EG. Hall Hypo/Hyperbaric Laboratory at Duke University Medical Center. This study reinforced the original recommendation of waiting at least 12 hours after making a single no-decompression dive before a commercial flight greater than 8,000 feet. To prevent decompression sickness, the Divers Alert Network (2003) Flying after Diving Workshop suggested the single no-decompression diver wait at least 12 hours to fly. The multiple-dives-perday diver and the diver who has been diving for multiple days should wait at least 18 hours to fly.
U.S. Navy divers conduct missions that may require flying almost immediately after diving. To reduce the risk of decompression sickness that results from flying after diving, the U.S. Navy (1999) Diving Manual published guidelines that specify how long a diver should remain at sea level pressure before further decompression to altitude for a flight. Freiberger et al. (2002) demonstrated there is an increase in relative risk from flying after diving following shorter pre-flight surface intervals (PFSI) or greater dive depths on the last day. As part of post-dive guidelines for the commercial diver, OSHA (2003a) mandates that the employer shall alert the diver to the potential hazards of flying after diving.
RBlallvB HumidIty
Higher relative humidity can promote the growth of mold, dust mites, bacteria, fungi, and viruses, which may be difficult to control in the closed aircraft cabin. Shoreland (2003) noted that the in-flight environmental control system keeps the humidity low, averaging around 17%, but it can fall as low as 5% in business or first class. The result of low humidity is thirst, dry eyes, parched throat, and dry skin. For comparison, the EPA (2003b) recommended a relative humidity of 30% to 50% for homes. The NRC (2002) noted that there is a fundamental conflict between humidity control and contaminant control because increasing the flow of outside air to reduce cabin contaminant levels reduces the humidity level. Decreasing the flow of outside air to raise the humidity increases the amount of contaminants.
Few articles relate the potential for adverse effects associated with exposure to low relative humidity. Nagda and Hodgson (200 I) found that a cabin environment of low humidity may lead to SBS symptoms. Increased recirculation of cabin air can increase relative humidity, but the benefits and risks associated with increased ventilation need further investigation. It appears that air quality hazards were first identified with buildings and then adapted to aircraft cabins. Therefore, it is more likely that the effect of relative humidity will first be studied in relation to buildings and eventually applied to aircraft cabins. Sato, Fukayo, and Yano (2003) conducted a study to assess the adverse heath effects of low relative humidity in indoor air and found that current safeguards to prevent exposure to very low relative humidity are ineffective and need rev!sion. The study findings indicate that the ultra-dry environment prompted worker complaints similar to two previous studies of moderately dry environments. Nordstrom, Norback, and Akselesson (1994) found that increasing relative humidity improved dry symptoms and SBS. Reinikainen, Jaakkola, and Seppanen (1992) reported that when relative humidity was elevated from 20% to 40%, there was a decrease in allergy-type symptoms.
Temperature
Temperature control in the aircraft cabin is important for occupant comfort at all altitudes and critical for safety at high altitudes, where the outside temperature can reach _65 0 F at 40,000 feet. Nonetheless, the high passenger density means that cooling of the c?bin is requ~red in most circumstances. The Amencan Society of Heating, Refrigerating and Air Conditioning Engineers (ASH RAE) (1992) defined the specific combination of indoor space environmental factors a?~personal factors that would produce temperature condltions acceptable to 80% of the occupants within a space (Standard 55-1992) . If this standard were applied to an aircraft cabin to determine a passenger's acceptable temperature, some of the environmental factors to evaluate would be temperature, thermal radiation, humidity, and air speed. Personal factors would include activity and clothing.
Radiation
Cosmic radiation affects the frequent flyer business traveler because the exposure can be cumulative based on hours of travel time. The U.S. Nuclear Regulatory Commission (2003) described cosmic radiation as penetrating ionizing radiation tha~can displace charged pa~i~les froã toms, disrupting living cell processes. It ongmates 10 outer space, as opposed to terrestri~l~adia tion that is the naturally occurring background radiation found on earth. Aw (2003) characterized the intensity of cosmic radiation exposure as it relates to altitude, latitude, I.ength of ex~o sure, and the time of the year. The International Comrnission on Radiological Protection (ICRP) (2003) recommended that exposure be limited to I millisievert (mSv) per year for members of the public. For comparison, I rem equals 10 mSv. The intensity of cosmic radiation increases with altitude and a typical long haul route has exposure rates at 5 JlSv/hour (WHO, 2002a) . Aw (2003) reviewed the evidence and identified some statistically significant associations between exposure to cosmic radiation during air travel and certain cancers, but acknowledged that these were preliminary because of too many confounding variables. A major finding of this article was that frequent business travelers who fly more than 200 hours per year could be categorized as radiation workers and that there should be stricter monitoring and awareness education of the risk to the general public. Zeeb et aI. (2003) published the results of a cohort study in which they investigated mortality patterns among more than 44,000 airline cabin crewmembers in Europe. The study is significant because of the size of the population and that no increased mortality caused by cosmic radiation exposure was found.
As part of the National Occupational Research Agenda (NORA), NIOSH has established a multi-organiza tional Flight Crew Research Program (NIOSH, 2oo3a). There are ongoing studies to identify exposures in the aircraft cabin environment and to examine their health effects in flight attendants and pilots. In one study, Waters, Bloom, and Grajewski (2000) evaluated the natural cosmic radiation effects on flight attendants. They found that although the ICRP has recommended that air crew in-flight exposures be considered occupational exposures, U.S. flight crew exposures to natural cosmic radiation are not regulatcd or typically monitored.
Noise
Airline cabin noise varies between 95 and 105 decibels depending on the type of aircraft. Increased noise levels occur during take-off and noise levels are always high in the rear of the plane. OSHA deferred to the FAA to set standards for airline cabin noise. Although OSHA deferred to the FAA to set standards for airline cabin noise, the FAA/OSHA Aviation Safety and Health Team (2000) indicated that the FAA "does not prescribe acceptable noise levels and exposures for non-tlight deck employees in aircraft in operation" (p, 11).
The frequent flier business traveler can use hearing protection such as earplugs. Antunano and Spanyers (1999) suggested that headphones using active noise reduction technology provide effective protection against low-frequency noise. The mirror image of a low-frequency noise wave will cancel noise. Traveler awareness is especially pertinent when landing at small airports that exit passengers directly onto the airfield, exposing them to the full extent of aircraft engines.
PSYCHOSOCIA L HAZARDS
The European Agency for Safety and Health at Work (2000) characterized psychosocial hazards as "those aspects of work design, organization. management, and their social and environmental contexts which have the potential for causing psychological, social, or physical harm" (p. 9).
Rose (2000) divided the causes of global business traveler stress into the common discomforts of international travel and the unique hurdles of long-distance travel. Examples of the peculiar challenges are concerns about self (e.g., musculoskeleta l problems), family (e.g., being away from comfortable routines), and workload (e.g., additional work volume without office support). Dowdall (2003) examined the stresses of air travel, including traveling to the airport, carrying heavy baggage through check-in. clearing security checkpoints, Walking the long distance to the gate, and dealing with flight delays. In addition to these stresses of air travel. the business air traveler has the stress of normal work processes, communication accessibility, and distance from family.
In 1997, Liese, Mundt, Dell, Nagy, and Demure conducted a cross-sectional study, taking all 10,000 World Bank employees, separating out the international business travelers, and assigning each to a trip frequency category. At that point, they reviewed insurance claims data and found that overall medical insurance claims rates were 80% higher for men travelers and 18% higher for women travelers compared to their non-traveling counterparts. Striker et al. (1999) studied World Bank international business travelers and found that social and emotional concerns, such as impact of travel on family and the sense of isolation contributed the most to traveler stress, followed by health concerns, and post-travel workload. Crossing time zones did not seem to be an additional stressor. Espino, Sundstrom, Frick, Jacobs, and Peters (2002) surveyed spouses and World Bank Group staff with 50% of spouses and 75% of the staff sample reporting high or very high stress related to travel.
Culture shock affects frequent flyer business travelers in the same way that it affects expatriate workers who are residents of the country in which the corporation may have a branch location. Jones (2000) defined an expatriate assignment as one that is longer than 6 months and involves moving family, pets, and household. Anxiety about cultural differences can occur from the first step of the planning phase. Anderzen (1998) published a comprehensive review of the psychophysiological aspects of foreign assignments. He conducted a longitudinal, prospective study of t 31 expatriates and family members before, during, and after assignment and simultaneously followed 81 domestically based workers. He used a schedule of psychosocial and physiological assessments to increase knowledge of individual modifiers of psychophysiological reactions to strains and stressors. Key findings were that the first year of an assignment seemed to be the most critical period and that sleep quality may increase stress and affect health.
According to the Aviation Health Institute (2003), acrophobia (i.e., the fear of flying) is a complex anxiety disorder comprising six elements: claustrophobia, panic related anxiety, fear of emptiness, fear of airplane disasters, fear of heights, or post-traumatic reaction. Richmond (2003) attributed increased airline passenger awareness of air transportation system vulnerability and flight anxiety to the events of September II, 200 1. In line with this, DeHart (2003) observed that the increase of psychosocial stress preceding boarding was partly caused by increased security considerations. Kraaij, Garnefski, and Van Gerwen (2003) examined the relationship between anxiety symptoms and coping strategies used by airline travelers. The respondents with the lowest anxiety indicated that they used the coping mechanisms of planning, meditation, and putting things into perspective. The most anxious respondent worried about potential catastrophies and blamed others for problems. Mclntosh, Swanson. Power, Raeside, and Dempster (1998) investigated the occurrence of health problems on short and long flights, the perception of anxiety during air travel, and individual mechanisms used to reduce such anxiety. Air travelers reported apparent anxiety related to travel and associated this with health problems during flights.
78 Van Gerwen and Diekstra (2000) reviewed flight anxiety treatment facilities and found a wide diversity among the facilities in treatment methods and protocols. The researchers identified the minimum acceptable standards for fear of flying treatment programs and stressed that standardization is critical to insure that a consistent approach is used in treating anxiety.
Jet lag results from the mismatch between the traveler's internal clock and external environment. The internal clock is controlled by significant zeitgebers that are environmental cues to help maintain circadian rhythyms and include light, social contacts, and knowledge of clock time. Rapid time zone travel results in the zeitgebers sending conflicting messages to the internal clock and the result is jet lag symptoms (Aerospace Medical Association, 2(03). Jet lag symptoms include fatigue, sleep disturbances, and irritability. British Airways (2003) identified lack of sleep and disruption to the circadian clock as factors that may decrease effective decision-making skills by as much as 50%. Other decreases were found in communication skills (30%), memory (20%), and attention (75%). As a result, British Airways created a web resource, "Alertness Solutions" (2003) , that provides practical strategies and resources to handle jet lag.
In the work setting, Hower, Irvine, and Folkard (2003) wanted to predict those most at risk for jet lag symptoms because effects vary among individuals and flying across time zones can considerably affect work performance. The study tool, The Traveler Profile Questionnaire, provided insufficient data to identify those travelers who would suffer most from the effects of jet Jag.
Since 2001, Herxheimer and Petrie (2003) have been conducting a systematic review and update of randomized trials that compare oral melatonin to a placebo or other medication. The populations studied were airline passengers, airline staff, and military personnel. Herxheimer and Waterhouse (2003) found that melatonin is effective in the prevention or reduction of jet lag symptoms and that occasional short-term use appears to be safe.
PRE-EXISTING RISK FACTORS
A pre-existing risk factor is any characteristic, behavior. or disease that directly influences susceptibility to hazards of air travel. The remainder of this article will focus on the potential effects to the frequent flyer with a physical health condition such as diabetes, cardiac disease, respiratory disease, pregnancy, or hypersensitivity disease.
OlabBtBs
According to Shand (2000) , employees with Type 2 diabetes and well-controlled Type t diabetes do not usually have travel problems, but may suffer dehydration from oral anti-diabetic medication. Uncontrolled, newly diagnosed, and brittle diabetics should postpone travel until stabilized. The insulin requirements of the diabetic international business traveler are affected by meal content, meal schedules. sleep disturbances, decreased activity, and potential electrolyte imbalance related to the gastrointestinal disturbances from motion sickness. Crossing time zones shortens or lengthens the normal day for diabetics and in turn may require an adjustment to medication types and timing, especially for the Type I diabetic traveler who takes insulin.
The Aerospace Medical Association (2003) stated that "for the Type 2 diabetic who takes insulin, the endogenous insulin will provide a suitable buffer and compensate to some degree for deficiencies of an insulin regimen" (p. AI5). Activity level and climate effects can also affect insulin requirements. Driver (2003) found that regular blood glucose monitoring is crucial and the traveler must understand how to alter insulin intake based on the results. Gill and Redmond (1999) surveyed United Kingdom physicians who ran diabetic clinics and found that advice quality varied greatly and regimens were excessively complicated.
Trip planning and the quality of testing equipment are topics stressed in the Iiteratur~. PI~nning is c~itical !o insure that enough food and medication are available 10 the event of delays. Because the medication schedule can be affected by time zones. food availability, and the absorption rate of the medication. the traveler must be aware of itinerary-specific problems that may occur. The traveler must develop a strategy to cope with the effect of altitude on glucose monitoring equipment. Gustaitis (2002) noted that increased airline security from longer airport waiting periods to carry-on restrictions can be problematic for the diabet!c t~aveler,~equi.ring ,Planning for additional glucose monitoring and insulin adjustment.
According to new air travel guidelines, the U.S. Department of Homeland Security (2003) requires injectable medication to have a professionally printed pharmacy or manufacturer's label and the security screener must be notified in advance if carry-on luggage contains injectable medication. sharps, or a hazardous waste container. Chandran and Edelman (2003) found that the FAA considers physician letters inadequate to prove insulin necessity because of forgery concerns. Fink, Christensen. and Ellsworth (2002) assessed the precision and accuracy of seven commonly used blood glucose meters while mountaineering on Mount Rainier. This assessment is applicable to the diabetic airline traveler because altitude. temperature. and relative humidity affect blood glucose meter performance. and increased glucose levels are often underestimated at higher elevations. They anticipate further study to match glucometer characteristics to specific environments.
Cardiac DlsBasB
The air traveler with cardiac disease may experience hypoxia because of a lowered oxygen pressure at high altitude (Aerospace Medical Association. 2(03). In Medical Guidelines for Air Travel. the Aerospace Medical Association (2003) identified some cardiovascular contraindications to commercial airline flight as myocardial infarction within 3 to 6 weeks of flight. unstable angina. congestive heart failure. uncontrolled hypertension. cardiac bypass within 2 weeks, cardiovascular accident within 2 weeks, and uncontrolled ventricular tachycardia. Bratton (1999) indicated that a passenger with cardiac FEBRUARY 2005, VOL. 53, NO.2 problems should be able to walk 100 yards and climb 12 steps before attempting a long flight.
In response to the Aviation Medical Assistance Act of 1998, the FAA (2001b) conducted a yearlong data collection study to determine the adequacy of current training and emergency medical equipment for passenger-carrying aircrafts. As a result, the FAA (2003a) issued a final rule that became effective in 2004 requiring passengercarrying aircraft of more than 7,500 pounds maximum payload capacity, with at least one flight attendant, to carry at least one automated external defibrillator (AED) and at least one enhanced emergency medical kit.
According to WHO (2002a) . flying is generally safe for travelers with pacemakers. Unipolar-lead pacing systems may be susceptible to electronic interference during airport security screening and flight. whereas bipolar pacemakers are not affected. The U.S. Department of Homeland Security (2003) recommended presenting pacemaker identification and asking the screener to conduct a pat-down inspection instead of electronic security screening to prevent potential pacemaker interference. Roby, Lee. and Hopkins (2002) conducted a randomized. controlled trial to study commercial airline travelers 2 weeks post-myocardial infarction. They wanted to find out if supplemental oxygen decreased in-flight adverse events and if a medical escort was necessary. The results suggested that these commercial airline travelers do not require supplemental oxygen or a medical escort.
RBsplratory DlsBasB
Hypoxia can occur with both cardiac and respiratory disease. Morgan (2002) noted that the normal lung adapts to the sudden pressure decrease associated with ascent, but the air-filled spaces in an abnormal lung may not promptly adjust. Mortazavi, Eisenberg. Langleben, Ernst. and Schiff (2003) described environmental conditions at high altitude with recommendations and methods for client assessment of hypoxia. They indicated the need for further study at higher elevations to validate their findings. Shand (2000) listed the critical assessment areas for determining the flying fitness of clients with respiratory disease as pressure changes during flight, cabin air quality, and reduction in the partial pressure of oxygen. Reduced air pressure may cause gas in the lungs to expand in volume by 25%. According to the NRC (2002), this partial pressure of oxygen reduction in the lungs ultimately leads to a decrease in systemic arterial POl' The British Thoracic Society (2002) noted that if a traveler was hypoxic at sea level, air travel would be problematic because the increase in altitude may cause an exacerbation of respiratory disease. To compensate for acute hypoxemia at rest. travelers must increase their breathing and heart rates.
Supplemental oxygen may be needed for some passengers to maintain proper oxygenation, but FAA (2003c; FAA Office of Security and Investigation, 2(03) regulations prohibit passengers from bringing their own oxygen delivery system onto commercial aircraft. U.S.based airline policies vary related to supplying medical oxygen, and there is the problem of supplemental medical oxygen in the airport itself. Lyznicki, Williams, Deitchman. Howe. and the American Medical Association (2000) found that to provide a consistent. uninterrupted supply of medical oxygen for the entire trip, it was important to standardize procedures related to the accessibility and availability of oxygen. It was also essential that the oxygen delivery equipment be the same for both commercial aircraft and airports.
Pneumothorax is contraindicated for air travel because of the risk of tension pneumothorax. Shand (2000) explained that gas expansion at altitude and poor ventilation can exacerbate an existing pneumothorax.
The CDC (2003c) identified the viral respiratory illness, severe acute respiratory syndrome (SARS), in 2003. SARS is a significant issue for frequent flyer business travelers because of its speed, severity, and rapid spread along international air-travel routes. Stohr and WHO (2003) noted that WHO has successfully identified the causal agent and developed a limited diagnostic test. Olsen et al. (2003) concluded that aircraft transmission of SARS may occur when an infected person flies during the symptomatic phase of illness. and procedures to reduce the risk of transmission are necessary. The Aerospace Medical Association (2004) published Guidelines for Commercial Air Travel and Air Medical Transport that would he relevant for any serious contagious disease.
PfB{Jnancy
The commercial aircraft environment is not generally considered hazardous to the pregnant passenger and most travel alternatives are not as safe or comfortable (Aerospace Medical Association, 2003) . The American College of Obstetrics and Gynecology (200 1) indicated that pregnant women may fly safely up to 36 weeks of gestation in the absence of obstetric or medical complications. However. pregnant women should not fly with medical complications, such as pregnancy-induced hypertension or poorly controlled diabetes or an obstetric complication risk such as premature labor or placental abnormalities. Kingman and Economides (2002) explained in the most recent statement by The Royal College of Obstetricians and Gynaecologists that although pregnant women should be aware of the potential risks of air travel, such as inaccessibility of immediate medical care, commercial air travel is generally safe in pregnancy.
Physiologically. the fetus reacts more consistently than the pregnant woman in the aircraft environment. "Favorable fetal hemoglobin-oxygen dynamics protect the fetus from the effect of lower cabin pressure" according to the CDC (2003b. p. 232). Bettes and McKenas (1999) found that the fetus is able to maintain a greater degree of hemoglobin saturation than the adult at similar partial pressures of oxygen.
The most recent studies concerning air travel and pregnancy focused on female flight attendants. Their findings are preliminary because they do not support a clinically significant risk among pregnant flight attendants. Daniell, Vaughan, and Millies (1990) attributed the increased risk of spontaneous abortion in a previous study to methods limitations. Cone, Vaughn. Huete, and 80 Samuels (1998) conducted a study that did not find an overall increased risk for spontaneous abortion among flight attendants compared with other working women. Both groups averaged 10% to 20% spontaneous abortions. The relatively low overall response rate of 38 of a population of 418 indicates the need for further study.
Hypsrssnslllvily DlsSBSS
The final risk factor to be discussed is hypersensitivity disease. an excessive, abnormal response caused by exposure to specific substances (antigens) such as pollen, bee stings, poison ivy, drugs, or foods (Thomas, 2001) . The NRC (2002) found that the scant data limits a reliable conclusion about routine inhalation exposures in aircraft. The few case reports that link hypersensitivity responses with allergen exposure on aircraft focused on peanut aIlergies. Using telephonic self-reporting to describe the clinical characteristics of allergic reactions to peanuts on airplanes. Sicherer et al. (1999) found that the potential routes of accidental exposure are ingestion, inhalation. or skin absorption. Anti-immunoglobulin E (lgE) therapy is one strategy used for peanut allergy. Leung et al. (2003) concluded that a dose of TNX-901 , a humanized monoclonal antibody against IgE. significantly and substantially increased the threshold of sensitivity to peanuts on oral food challenge. This is significant to the air traveler in the event of an unintended exposure to peanuts. Using an epidemiological approach, Lack, Fox, Northstone, Golding, and the Avon Longitudinal Study of Parents and Children Study Team (2003) found that sensitization to peanut protein may occur in children via inflamed skin absorption of peanut oil.
United Airlines and U.S. Airways are examples of air carriers that have adopted a "peanut policy" in which onboard snacks and meals do not include peanuts. The FAA (FAA Office of Environment and Energy, 2003b) noted that in 1998, the Department of Transportation proposed that U.S.-based airlines make "peanut-free zones" available on request from passengers with medically documented severe allergies to peanuts, as would be covered in the Air Carrier Access Act of 1986 (p. I). This has not been implemented by any U.S. air carrier. Bagshaw (2004) notes "the modem commercial aircraft cabin is maintained with adequate environmental control for the comfort of most healthy individuals" (p. 417). Occupational health nurses frequently deal with a population that may include unhealthy individuals or those with pre-existing conditions. It is critical for occupational health nurses to stay current with major hazards faced by frequent flyer business travelers to assist in identifying and preventing adverse health effects associated with these exposures. 1 2 3 For many businesses, the ability to travel wisely has become a core competency that is an integral part of the employee's jobdescription. Potential hazards are grouped according to biological/infectious, chemical, enviromechanical, physical, and psychosocial.
SUMMARY
It is critical occupational health nurses be aware of current hazards faced by frequent flyer business travelers to assist in identifying and preventing the adverse health effects associated with these exposures.
Apre-existing risk factor isany characteristic, behavior, ordisease that directly influences susceptibility to hazards ofairtravel. There can be adverse health effects with diabetes, cardiac disease, respiratory disease, pregnancy, orhypersensitivity disease.
